Suffolk and Targhee ewes (30 each) with single or twin lambs were used in four periods beginning in late gestation and continuing through weaning to evaluate breed differences in milk production, lamb BW, and DMI by ewes and lambs. In Periods 1 (late gestation) and 2 (early lactation), ewes (Period 1 ) and ewes with lambs (Period 2 ) were individually penned, fed .45 kg of barley·ewe −1 ·d −1 and allowed ad libitum access to chopped alfalfa. Ewes and lambs grazed native range in Periods 3 and 4. Grazed forage DMI was estimated using chromic oxide. Estimates of milk production were obtained by handmilking. Average lamb age was 4, 45, and 73 d at the beginning of Periods 2, 3, and 4, respectively. Milk production tended ( P = .20) to be greater for Suffolk than for Targhee ewes. Targhee ewes produced 85% more ( P = .001) wool than Suffolk ewes. . From birth to 89 d postpartum, ADG was greater for Suffolk than for Targhee lambs ( P = .006). Targhee ewes consumed 25% more ( P = .01) feed over the course of the study than did Suffolk ewes. Grazed forage DMI by Targhee lambs was 26% greater ( P = . 01) than DMI by Suffolk lambs. When meat production is the primary income from sheep, one potential advantage of Suffolks compared with Targhees is more rapid gain with less feed intake.
Introduction
Traditionally, sheep producers in the United States have put little emphasis on crossbreeding programs to improve meat production due in part to reliance on wool incentive payments. In such situations, producers have not capitalized on increased production from "meat type" breeds. Sheep producers may have an opportunity to decrease the cost of lamb production by increasing meat production efficiency.
Feed costs are the greatest input cost associated with production and efficiency. Time required for and efficiency with which lambs reach a desired slaughter weight is critical in optimizing lamb profitability. Studies by Cassard et al. (1969) and Crouse et al. (1981) reported that Rambouillet-sired lambs from fine-wool type ewes required more time on feed to reach slaughter weight than lambs sired by Suffolk rams. Crouse et al. (1981) also reported excess carcass fat in fine-wool slaughter lambs compared with Suffolk × fine-wool breeds and Suffolk-sired slaughter lambs (Crouse et al., 1981) .
If sheep production is to remain a viable industry, producers must concentrate on providing a product that fits consumer demands with optimum efficiency. Energetically, differences in production efficiency by different genotypes can arise only from differences in nutrient intake, efficiency of nutrient utilization, partitioning of nutrients into different body tissues, or some combination of these possibilities (Frisch and Vercoe, 1991). Our objective was to investigate production efficiency of Targhee and Suffolk sheep by quantifying differences in intake and growth.
Materials and Methods
Suffolk and Targhee ewes (30 each, 2 to 7 yr of age) were used in four Periods. Period 1 began 30 d prepartum and Period 4 ended 87 d postpartum. Ewes were selected from a larger population of sheep at the U.S. Sheep Experiment Station near Dubois, Idaho. Half the ewes of each breed had twin lambs and the other half had single lambs based on real-time ultrasound evaluation. Ewes were synchronized to obtain a uniform lambing date and bred to rams of their own breed to produce purebred lambs. Periods 1 and 2 were conducted in drylot. Periods 3 and 4 were conducted on spring desert and irrigated meadow ranges, respectively. Composition of herbaceous vegetation on the study sites in Periods 3 and 4 was estimated by clipping .5-m 2 ( n = 10) circular plots at ground level at the beginning of each period. Forage was identified and bagged as either grass, forb, or sedge, then dried at 55°C for 48 h before it was weighed. Average lamb ages were 4, 50, and 78 d at the beginning of Periods 2, 3, and 4, respectively. Ewes and lambs were weighed at the beginning and end of each Period.
Periods 1 and 2
On February 27, 40 d before lambing, ewes were confined in an individual feeding facility and fed .45 kg·ewe −1 ·d −1 of whole barley and allowed ad libitum access to chopped alfalfa hay (Period 1; Table 1 ). Starting on d 33 prepartum, a 10-d intake period (Period 1 ) was conducted. Hay and barley were weighed and fed daily at 0800, and refusals were collected and weighed the following morning. Immediately following Period 1, all ewes were sheared.
Ewes were shed-lambed in April (average birth date was April 8 ) and then moved to individual drylot pens (25 m 2 ) for Period 2. When lambs were 4 d old ( ±1 d ) on April 12, a 10-d confinement feeding period began. Feed and feeding method were the same as described for Period 1.
Period 3
Ewes and lambs grazed spring sagebrush-bunchgrass rangeland (elevation 1,700 m; Table 2 ). Dominant shrubs were sagebrush ( Artemisia tripartita) , bitterbrush ( Purshia tridentata) , horsebrush ( Tetradymia canescens) , and rabbitbrush ( Chrysothamnus nauseosus Nutt.). Arrowleaf balsamroot ( Balsamorhiza sagittata) was the most common forb. Bluebunch wheatgrass ( Agropyron spicatum) was the dominant grass. Sheep grazed this study area from May 23 until June 6, when ewes initially averaged 45 d postpartum.
Period 4
Ewes and lambs grazed an irrigated mountain meadow pasture. Elevation at this site was 2,462 m, and the study pasture was dominated by brome ( Bromus marginatus) and timothy ( Phleum pratense) grasses, as well as a variety of forbs and sedges. Sheep grazed this pasture from June 20 until July 5, at which time ewes initially averaged 73 d postpartum.
Milk Production
Milk production was measured on d 4 and 14 postpartum ( ±1 d ) during Period 2. In each subsequent pasture study, milk production was measured on d 5 of the period. This corresponds to an average of 50 and 78 d postpartum for Periods 3 and 4, respectively. At 1030, ewes were moved to pens and separated from their lambs. Milk letdown was stimulated by intrajugular injection of 20 USP units of oxytocic principle before hand-milking. Two hours later, the procedure was repeated, and the milk volume was measured (Reynolds and Brown, 1991) . This amount of milk represented 2-h milk production. In Period 4, an interval of 3 h was used between milkings. This interval corresponds to normal suckling intervals of lambs at this age (Ricordeau et al., 1960) . All milk production measurements were adjusted to a 2-h production period.
Milk samples were collected at the same time milk production was estimated. Milk samples were separated into two 20-mL containers, frozen, and stored for later analyses. Milk protein, fat, lactose, and nonfat solids were determined by infrared (Multispec M ) analysis at the FDA-certified Montana Livestock Diagnostic Laboratory in Bozeman.
Diet Sampling
Alfalfa and barley samples were collected during Periods 1 and 2. At the beginning of Periods 3 and 4, assessment of diet quality was determined by collecting ingesta samples from three ruminally cannulated wethers grazing the study site. Rumen contents were evacuated before wethers were allowed to graze for 30 min with the other sheep. After the 30-min grazing period, ruminal ingesta samples were collected, and the original ruminal contents were replaced. Samples from all Periods were dried at 60°C for 24 h, airequilibrated, then ground through a Cyclone mill (1-mm screen), air-equilibrated, and stored in airtight containers. Ingesta samples were analyzed by animal within period and then averaged within period (Table  1) .
Forage Intake
In Periods 1 and 2, feed offered and refused was weighed daily for each ewe. In the grazing periods, ewe forage DMI was estimated using a continuous release chromic oxide bolus (Captec Chrome; Nufarm Ltd., Auckland, NZ). Boli were administered to the ewes orally on d 1 of each of the grazing periods. After a 6-d equilibration, fecal samples were collected daily for 7 d. Lamb forage DMI in Period 4 was determined by daily oral dosing with a gelatin capsule containing .5 g of chromic oxide. This method was used instead of the continuous release bolus because of the small size of the lambs.
Daily fecal grab samples were taken on d 7 through 14 on all pasture studies. In Periods 3 and 4, ewes and lambs were gathered at 1030 each day. Sheep were herded into a portable pen and restrained within an alley-way where fecal samples were collected from each individual. Immediately after sampling, sheep were returned to the study pasture.
To monitor precision of bolus release of chromium, plunger travel of the boluses was measured in three ruminally cannulated wethers, each receiving two boluses (Parker et al., 1989) . The starting point of each plunger was marked and then the boluses were tethered to the cannula. Every other day after the initial 6-d equilibration period, the distance traveled by the plunger was measured and a new starting point was marked. There was no difference in plunger travel within period; therefore, release rates were considered equal and the manufacturer's recommended release rate of 165 mg of Cr 2 O 3 /d was used in subsequent calculations.
Chemical Analyses
Dry matter, ash, and N of all diet samples were determined by AOAC (1984) standard procedures. Neutral detergent fiber, ADF, and ADL content of ingesta, alfalfa, and barley samples were determined with the nonsequential procedures of Goering and Van Soest (1970) . In vitro organic matter digestibility (IVOMD) of diet samples was evaluated using the Tilley and Terry (1963) procedure. Ruminal inoculum was provided by five ruminally cannulated yearling wethers that were pen-fed alfalfa hay.
Fecal samples were prepared for chromium analyses by digesting 1 g of ashed fecal sample in a phosphoric acid-manganese sulfate solution ( 3 mL) and a potassium bromate solution ( 4 mL; Williams et al., 1962) . Samples were digested in 45-mL silica basins covered with a watch glass on a hot plate until effervescence ceased or a purple color was observed. After cooling, samples were washed into 100-mL volumetric flasks and brought to volume with reagentgrade water and 25 mL of a 5,000 ppm Ca solution. The solution was then filtered through ashless filter paper. Fecal chromium concentration was determined by atomic absorption spectroscopy with a nitrous oxide-acetylene flame (Galyean, 1988) . Fecal samples obtained from sheep before dosing with the chromic oxide bolus ( 0 h ) were used to screen for background chromium contamination from natural sources, as well as from previously administered boluses. Six standards were made for each individual period with their respective zero-hour digests (100 mL). Chromium standards were 0, 1, 2, 3, 4, and 5 ppm.
Data Analyses
Data were analyzed across periods, where appropriate, using the GLM repeated measures procedure of SAS (1988) . The models for ewe milk production, body weight, and DMI included the effects for period, breed, type of birth (single or twin), and breed × type of birth with ewe age and lambing date tested as Figure 1 . Milk production (milliliters/2 h) by Suffolk and Targhee ewes. a n = 55 (because of missing observations). The repeated measures (time) model included the effects of breed, type of birth, lambing date, ewe age, breed × type of birth, and birth and type of birth interactions with time. Time × breed interaction was detected (P = .01). Ewes with twin lambs produced more (P < .10) milk on d 5, 15, and 51 than ewes with single lambs. The SEM associated with milk production on 5, 15, 51, and 79 d postpartum were 29.8, 18.1, 22.6, and 26.3, respectively. Over the entire study, ewes nursing twin lambs produced more (P = .001) milk than ewes nursing single lambs. covariables. The model for lamb body weight included effects for period, breed, type of birth, sex, and ram, with lamb age and birth weight tested as covariables. The wool model included the effects of breed, type of birth, lambing date, ewe age, and breed × type of birth. Lamb DMI model included the effects of breed, type of birth, lamb sex, lambing date, lamb age, and all two-way interactions. Due to ewe and lamb death loss and missing samples, not all animals that started the study were used in the analysis. Therefore, the actual number of observations used is reported in each table and figure.
Results
Breed × type of birth interactions were not detected for any of the variables tested ( P > .28) with the exception of milk lactose ( P = .07). However, time × breed interactions were present in all repeated measures analysis ( P < .05). Therefore, results are presented as breed means across type of birth, within period.
Milk Production
Total milk production tended ( P = .20) to be greater for Suffolk than for Targhee ewes (Figure 1 ).
This was a function of Suffolk ewes producing more milk at the onset of lactation ( d 5; P = .08) and sustaining a higher level of milk production at d 79 ( P = .03) postpartum. Milkfat at 79 d postpartum, CP at 51 d postpartum, lactose on d 5, 15, and 51 d postpartum, and milk solids on 79 d postpartum were all higher ( P < .05) for Targhee ewes (Table 3) . Ewes with twin lambs produced more milk ( P =.001) than ewes with single lambs, regardless of breed.
Body and Wool Weight
Targhee ewes produced 85% more wool than Suffolk ewes ( P = .001; Figure 2 ). From 33 d prepartum to 89 d postpartum, Suffolk ewes consistently weighed more ( P =.001) than Targhee ewes (Figure 3 ). Both breeds of ewes followed the same general weight change pattern. However, Suffolk ewe weight loss ( −.15 kg/d) was greater ( P = .01) than Targhee ewe weight loss ( −.02 kg/d) from 33 d prepartum to 6 d postpartum. Weight gain from 6 to 89 d postpartum did not differ ( P = .69; .05 kg/d) between breeds of ewes.
From birth to 89 d postpartum, Suffolk lambs consistently weighed more than Targhee lambs ( P = .003; Figure 4 ). Suffolk lambs were 10% heavier ( P = .11) at birth and 18% heavier ( P = .003) at 89 d postpartum than Targhee lambs. Average daily gain from birth to 89 d postpartum was greater for Suffolk lambs than for Targhee lambs ( P = .006; .37 and .32 kg/d, respectively).
Ewe and Lamb Intake
Targhee ewes consumed 25% more ( P = .001) feed, as a percentage of BW, over the course of the study than did Suffolk ewes (Table 4) . Difference between the two breeds was greatest ( P = .001) during Periods 1 and 3, which correspond to 33 d prepartum and 50 d postpartum. During Period 1, ewes carrying single lambs consumed more feed ( P = .001) than those carrying twins. This difference is probably related to reduced ruminal capacity due to multiple fetuses associated with twins. Grazed forage DMI by Targhee lambs was 26% ( P = .001) greater than DMI by Suffolk lambs (4.4 vs 3.5% of BW; SEM = .13).
Discussion
When kilograms of ewe DMI was estimated for each breed for the entire duration of the four periods (130 d, 45 d before to 85 d after lambing) and divided by lamb BW at the end of Period 4, the resulting ratios were 10.1 and 13.8 kg of feed/kg of lamb for the Suffolk and Targhee, respectively. A similar ratio for wool (i.e., total DMI for the 130 d/kg of wool) resulted in ratios of 147 and 94 kg of feed/kg of wool for the Suffolk and Targhee ewes, respectively. Because lamb DMI was estimated in only one period, no extrapolation to a broader time frame should be made. However, Suffolk lambs consumed 7% less DMI per day and produced 15% more kilograms of lamb. Clearly, Suffolk sheep are more efficient at producing meat and less efficient at producing wool than Targhee ewes. These differences in efficiency are not only due to output of meat and wool, but to major differences in intake as well.
Feed (either grazed or harvested) represents the largest single production cost in all types of sheep operations (SID, 1988) . Hatfield et al. (1997) found that when DMI was expressed as a percentage of BW, DMI was greater for Targhee than for Suffolk ewes during peak lactation but did not differ shortly after weaning. In a second study with Targhee and Suffolk ewes, Hatfield et al. (unpublished data) found that Targhee ewes had greater blood urea N ( BUN) concentration than Suffolk ewes. In general, urea transfer via the saliva to the rumen is directly related to the BUN concentration. This affects the concentration in the saliva (Somers, 1961b) , where urea accounts for .6 to .7 of the total N content (Somers, 1961a) . One possible explanation for the greater DMI by the Targhee ewes is that because of the greater BUN, and thus greater amount of urea, cycled to the rumen, intake of low-quality feed could be greater for Targhees than for Suffolks because of the better ruminal environment. However, the forages in this study did not seem to be deficient in CP.
Our results on lamb growth agree with those of Rastogi et al. (1975) , who found that Suffolk lambs that were heavier at birth had a greater ADG from birth to weaning and thus greater weaning weight than Targhee lambs. However, they also reported that Targhee lambs had a greater ADG postweaning than Suffolk lambs. Crouse et al. (1981) also reported that Suffolk-sired lambs grew faster than Rambouilletsired lambs. However, these researchers make no mention of DMI or feed efficiency. Blackburn et al. (1981) also reported that lambs sired by Suffolk rams grew faster and were younger at slaughter than lambs sired by Columbia rams. No difference in feed efficiency was detected and DMI was not reported. Dickerson et al. (1972) reported in a seven-breed comparison that Suffolk lambs were 115% of the population average for body weight after weaning and 119% for boneless major cuts. Targhee lambs in the same study were 102 and 99% for the same weight and boneless major cuts, respectively. In addition, Bidner et al. (1978) concluded that Suffolk-sired lambs were superior to Rambouillet-sired lambs for most growth and carcass characteristics.
Suffolk ewes lost more weight and tended to produce more milk than Targhee ewes. In mutton sheep and beef cattle production systems, the high maintenance requirements of the breeding female is the most important factor limiting biological efficiency (Dickerson, 1970) . Wood et al. (1980) reported that higher milk producing cattle lost more body weight and compensated by increasing nutrient intake during periods of low energy demand. Montañ o-Bermudez et al. (1990) found that high milk producing cattle have higher maintenance energy requirements than low milk producing cattle. Freetly et al. (1995) found that Suffolk ewes had a greater level of heat production than Texel ewes due primarily to greater body size. We could find no information on maintenance requirements comparing meat and wool breeds of sheep. Cassard et al. (1969) reported that Suffolk lambs had greater longissimus muscle area than wool type breeds of sheep, which could indicate a higher lean and a lower fat percentage in Suffolk than in Targhee sheep. Chemical analysis of soft tissue (Dahmen et al., 1985) from racks showed that Suffolk-sired lambs had a higher percentage of protein and a lower percentage of fat than did Lincoln-sired lambs. When comparisons are made at the same weight, genotypes that are heavier at maturity generally grow faster and contain less fat and more protein and bone in their whole bodies than do animals of smaller mature size (Theriez et al., 1981) . Rattray et al. (1974a) reported that body protein synthesis requires 4.5 times more energy than fat synthesis (45.6 and 10.2 kcal of ME/g, respectively). However, Rattray et al. (1974b) reported a 10% greater energy content in wool than in a conceptus and fat-free OM basis carcass (6.12 and 5.55 kcal ME/g, respectively). In addition, one unit of wool is approximately 99% DM protein, whereas one unit of BW is 75% moisture and of that DM portion only 50% may be protein. Therefore, one can argue that the energy cost of adding one unit of wool growth is greater than the energy cost of adding one unit of BW. Given the higher energy cost of wool growth, it may be reasonable to assume that selection pressure for wool growth has also resulted in sheep with a greater capacity to consume feed to support the greater genetic potential for wool. Bradley et al. (1972) reported that the Suffolk was inferior in terms of percentage of barren ewes and percentage mortality of lambs from birth to weaning compared to the Targhee ewe. However, the Suffolk lambs excelled in weaning weight of individual lambs and had a greater loin eye area.
Implications
Producers can use terminal sires to improve the productivity, efficiency, and quality of their lamb crop.
This study points out two very important biological events. First, there is the potential for major differences in dry matter intake among types and breeds of sheep. Second, body weight (particularly across breeds) is not always a major indicator of, or influence on, forage dry matter intake by sheep. When discussing efficiency of production, input cost must be considered. What makes one breed more efficient than another breed at producing a marketable trait is partially determined by how that breed partitions nutrients to that particular trait.
